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Introduction

Ag is used by the chemical industry in two impottagatalytic oxidation reactions,
formaldehyde synthesis and ethylene epoxidation THe economic importance of these
processes motivated an extensive investigationhef Ag-O system in past years [2-4].
However the mechanisms behind the remarkable gétgabtained with Ag catalysts for both
reactions is still focus of debate in the literat{B].

In this work we applied the recently developedsitu XPS technique to investigate the
chemical state of the Ag catalyst surface in ehdilim with the gas phase under reaction
conditions in the mbar pressure range and at indligtrelevant temperatures.

Experimental

In situ XPS experiments were performed using tlgh lpressure endstation of ISISS beamline
at synchrotron radiation facility BESSY Il [6]. Gdysts were pressed as pellets and heated
from the back side using an infrared laser systiém.total pressure in the raction chamber was
kept at 0.50 mbar by a pressure controlled valdee Partial pressure of the gasses was
regulated by calibrated mass flow controllers amel gas phase composition changes were
monitored by an electron impact quadrupole masstgpaeter (MS), a proton transfer reaction
MS (PTRMS) and a micro gas chromatograph (GC).

Results/Discussion

Under pure @atmosphere in the 150-500 C temperature range distinct features in the Ols
XP spectra were identified and assigned to diffem@omic O species on Ag (figure 1-a).
Evidences for the distinct electronic structure¢hafse species were obtained by comparing their
binding energies, temperature stability, amounibofc Ag, valence band and Auger features.
This analysis indicates that Ag is able to activat@ecular oxygen into a number of distinct
active forms with different chemical nature, whidtimately might lead to different roles in the
oxidation reactions.
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Figure 1. (a) Ols spectra showing the O specieAgnnder different gas atmospheres and
temperatures. (b) Correlation of the selectivityetbylene oxide with the ratio of electrophilic
and nucleophilic O species.

When methanol or ethylene is present together @itin the gas phase, drastic changes in the
O species distribution are observed, as a restlteif different reactivity. Some of the species
completely vanish, the abundance of others cogelatith the hydrocarbon partial pressure.
For the case of ethylene epoxidation running adstestate conditions, it was observed that the
selectivity to the epoxide can be correlated to it of different O species (figure 1b). A
model of the role of the different O species in fitaene of the oxidation reactions is suggested.
Based on the electronic structure and reactivitg,diis proposed that while some species act
as nucleophilic centers attacking C-H bond$' @nd ), which is the first step to total
oxidation, other act as an electrophilic agentackihg the C=C bonds and producing the
epoxide (O).
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